ABSTRACT
Introduction

25
Whey is the principal by-product of cheese manufacturing and it represents 85-95% of its five cysteine residues form two disulfide bridges leaving a free reactive thiol group 44 that appears to be responsible for the formation of covalent aggregates upon heating 45 (Sawyer, 2002) . Also β-Lg possess a hydrophobic pocket that when exposed by, for 46 example, heat denaturation forms aggregates by hydrophobic interactions. These 47 aggregation properties can be manipulated by changing temperature, pH, and ionic 48 strength. Under prolonged heating at low pH and low ionic strength, a transparent `fine-49 stranded' gel is formed, in which the protein molecules assemble into long stiff fibers 50 and also can produce nanoparticles .
51
Food protein-based nanoparticles are of great interest because they are Generally active molecules. In this sense, when electrically charged, β-Lg is also able to ion 60 binding and electrostatic complex formation, self and co-assembly and covalent 61 conjugation (Livney, 2010) .
62
In previous works, β-Lg nanoparticles have been applied as carriers for a range of thus making it very feasible for heat-labile bioactive components (Gulseren, Fang, & Corredig, 2012) . Nonetheless, usage of organic solvents for food application is still the 71 major drawback for this method (Nicolai, Britten, & Schmitt, 2011) .
72
Caffeine is an amphiphilic alkaloid drug that has a strong bioactivity acting as a 73 stimulant drug of the central nervous system. For this reason is considered the most 74 popular legal stimulant consumed in the world, mainly in the form of coffee and tea 75 infusion (Gilbert, 1984) . In the last years, several energy drinks containing caffeine 76 have been launched to the market having a great success and customer acceptation 77 (Somogyi, 2010) . Unfortunately, caffeine has very bitter taste and unpleasant aftertaste 78 limiting or even excluding their use from many food and drink formulations.
79
Encapsulation of caffeine enables bitterness masking and it can be easily added to food 80 and drink products without changing the flavour or increasing the bitterness level. In The aim of this study is to investigate the production of β-Lg nanoparticles by a simple The β-lg powder was dispersed in deionized water to make 50 ml 0.2 % w/v β-Lg stock 105 solution and it was stirred magnetically for about two hours at room temperature. This 
121
For experiments where pH effect (from 5.7 to 6.2) was investigated, nanoparticles were 122 produced following procedure described above but initial pH of sample was changed.
123
For experiments where temperature effect was investigated, samples were heated at 124 60 °C and 75°C; all other conditions were kept constant (0.2 % w/w of β-Lg, pH 6 and 125 heating time 75 minutes). For experiments where the heating time (heat load) effect 126 was investigated, nanoparticles were produced following procedure described above at 
Effect of pH
312
Near the isoelectric point (pI) of the protein the overall charge is close to zero therefore,
313
repulsive electrostatic interactions between protein molecules will be minimised and 314 their aggregation will be promoted. In particular, β-Lg aggregation close to its pI and 315 under denaturing conditions was reported to produce particulate gels, which were 316 composed of spherical particles (Donald, 2007) .
317
Here we studied the effect of a range of pH's near and above the pI on the particle size.
318
The pH of the aqueous β-Lg solution (0.2 % w/v) before pH adjustment was 6.8 ± 0.3. Figure 2 shows the relationship between pH and particle size and protein's net charge. changes in the protein charge but dramatic changes in particle size. So these results
344
highlight the effect of a narrow range of pH close to the protein's pI on particle size. conditions for production of β-Lg nanoparticles occurred when the system was heated 371 above thermal denaturation temperature of β-Lg and at a pH close to its pI which is in 372 agreement with the above findings; these nanoparticles were reported to be irreversible 373 protein aggregates and generally stable towards storage and pH changes. 
Heating time
375
Besides temperature, the heating time is another factor which has a significant effect on (Table 1) . nanoparticles produced in the current study.
467
In summary, the predominant interactions responsible for the microstructure of the 468 nanoparticles were found to be hydrogen bonding and hydrophobic interactions.
469
Increased hydrogen bonding induces the formation of β-sheets in a protein which, is fluorophore of β-Lg in the non-polar environment (Creamer, 1995) . By the influence 512 of heat, the conformation changed at about 50 °C, one of the tryptophans was 513 transferred to a more polar environment accessible to solvent and above 70°C the 514 second tryptophan residue became exposed to solvent. But even at 90°C, the second 515 one was partially buried (Mills, 1976) . Therefore in order to investigate conformational 516 changes in β-Lg after heat denaturation and after caffeine encapsulation the 517 fluorescence emission spectra of tryptophan was measured (Fig. 5 ). An increase in the The yield of caffeine encapsulation increased when caffeine to -Lg molar ratio 544 increased reaching a maximum 13.54% at a molar ratio of 50 (mass ratio caffeine to -
545
Lg 1:2) ( Table 2) . Above this maximum, a slow reduction of the percentage of caffeine So particle degradation happened in the first 2 minutes. At this time particle size 
Conclusions
633
One of the main outcomes of this study is that we have developed a simple method that Interestingly，the binding of caffeine to protein followed a Langmuir type isotherm.
650
Both pure β-Lg and caffeine loaded β-Lg nanoparticles exhibited rapid peptic 651 degradation but only 36.4% caffeine was released under these conditions and complete 652 release at intestinal conditions, hence suggesting improved enteric delivery. 
